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Abstract
In this paper we report a laboratory scale evaluation test of MEA degradation associated with analysis of 
degradation products and an evaluation of different oxidation inhibitors. Control of oxidation with inhibitors 
selected among conventional antioxidants was found to be unsuccessful. New classes of chemicals were investigated 
and MEA oxidative degradation was considerably reduced using specific inhibitors. The inhibition was found to be 
effective with 40% MEA and was successfully extended to others amines such as DEA, MDEA and AMP.
© 2010 Elsevier Ltd. All rights reserved
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1. Introduction
Aqueous solution of Ethanolamine (MEA) is the most widely investigated solvent for a carbon dioxide 
post-combustion capture process. MEA is cheap, largely available, non toxic and highly effective because of its high 
capacity for CO2 capture and its fast reaction kinetic. Unfortunately, when MEA is exposed to oxygen, oxidative 
degradation occurs in a significant amount [1-3]. Oxidation of MEA is not only a source of solvent consumption but 
moreover leads to volatile compounds such as ammonia which need to be removed from the treated gas and to many 
carboxylic acids trapped as salts in the solvent. These acids can promote corrosion phenomena.
For these reasons, the control of degradation is now becoming a major challenge. Solving the problem allows design 
of processes using solvents with an increased MEA concentration, so enhancing the performance in CO2 capture. 
Oxidative degradation, which is a critical point for the development of an industrial process, can potentially be 
solved by the use of oxidation inhibitors. 
Generally MEA is evaluated as a capture solvent at 30%-wt maximum concentration in water. A 40%-wt MEA 
solvent would allow higher process performances with solvent flow rate reduced by 25%. However, increasing 
MEA concentration would notably increase the level of degradation. So, the control of the degradation becomes a 
key factor.
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In this paper we report a laboratory scale evaluation test of MEA 40% degradation associated with an analysis of 
degradation products and an evaluation of di fferent oxidation inhibitors. Oxidation inhibitor candidates were first 
selected among conventional antioxidants then new classes of chemicals were investigated. An evaluation of one of 
the best additives was performed with other amines such as DEA, MDEA and AMP.
2. Oxidative degradation of MEA
Oxidation of organic molecules without any specific catalyst is often called autoxidation. Autoxidation is a free-
radical chain reaction. The mechanism has three steps : initiation, propagation and termination. 
In the initiation step a free radical is generated from a homolytic covalent bond cleavage generally caused by 
temperature, light or by metallic catalysis. 
RH   R°  +  H°
R-R   2 R°
In the propagation step the free radical R° reacts with oxygen to lead a peroxy radical. Then, peroxy radical can 
react with a carbon hydrogen bond according to a hydrogen abstraction reaction leading to a free radical which can 
initiate a novel oxidation cycle and a hydroperoxide.
R°  +  O2   ROO°
ROO°  +  RH    ROOH  +  R°
Hydroperoxide can easily cleave into 2 radicals which can initiate another oxidation step or can be successively 
converted into different molecules which are the products of degradation. Oxygenated molecules such as alcohols, 
aldehydes or carboxylic acids are common products of degradation. 
ROOH    RO°  +  HO°
2 ROOH   ROO°  +  RO°  +  H2O
Termination step occurs when two radicals react together to give a stable molecule.
Autoxydation means that a single free radical can initiate oxidation of many molecules since oxygen is present. So, 
the oxygen concentration will be a key factor.
When MEA is subjected to oxidation, many reactions can occur. A non exhaustive general pathway for the oxidative 
degradation of MEA is given in Figure 1. An evaluation of MEA oxidative degradation can be performed by 
ammonia and carboxylic acids determination.
Figure 1. Proposal of mechanism for the oxidative degradation of MEA
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3. Experiments
3.1 Experimental procedures
The experimental apparatus consist in a six independent glass reactors apparatus with controlled temperature and 
stirring. MEA solutions are placed inside the reactors and gas consisting of air and carbon dioxide is bubbled 
through the liquid. The exhaust gas is sent to a FTIR analyzer for ammonia determination. Samples of amine 
solutions are collected versus time then analyzed to assess anions determination.
The degradation experiments were performed with 100 cc of aqueous MEA at 80°C at an agitation speed of 1000 
to 1300rpm. Air was bubbled at 7 NL/h and CO2 at 0,033 NL/h at atmospheric pressure. Duration test was usually 
of seven days.
3.2 Analysis
The degradation of MEA was monitored by analysis of the mains degradation products which are ammonia and 
carboxylic acids principally formic, acetic and oxalic acids and also nitrogen oxides anions such as nitrites and 
nitrates. Ammonia concentration in the exhaust gas was determined online by a gas phase FTIR spectrometer 
Gasmet DX-400. Anionic degradation products were quantified with ionic chromatography determination of acids. 
Method was using Dionex ICS 3000apparatus with 4x250mm AS15 columns. The mobile phase was aqueous 
potassium hydroxide at a flow rate of 1 ml/min. Detection was performed by conductimetry. 
4. Results and discussion
4.1 Conventional antioxidants
To inhibit or retard oxidation reactions, chemists developed additives called antioxidants or oxidation inhibitors [4-
5]. Most of them are radical scavengers. It means they break the radical chain reaction by trapping free radicals. We 
have evaluated the effect of a selection of six conventional inhibitors on MEA degradation. These are ascorbic acid 
which is a well known natural antioxidant, three phenolic compounds namely hydroquinone and two hindered 
phenols 3,5-diterbutyl -4-hydroxybenzoic acid and 2,2,5,7,8-pentamethyl-6-chromanol. The selection was completed 
with p-benzoquinone and a hindered amine 2,2,6,6-tetramethyl -4-piperidinol both known as radical scavengers. 
Experiments were conducted in smooth conditions with 30%-wt MEA and without CO2. The additive concentration 
was 1%-wt. Results are presented in Figure 2.
Figure 2. Effect of conventional antioxidants on MEA 30% degradation after 7 days test
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The main acid detected among MEA degradation products is formic acid. It results of not only carbon hydrogen 
abstraction then carbon oxidation but also breaking of carbon-carbon covalent bond. Because it is one of the 
ultimate degradation products in the MEA oxidation pathway, it is a good probe for oxidation monitoring. 
From these experiments, only the hindered amine was found to have an effect but too low to reduce MEA 
degradation. All others additives tested were found not only ineffective but detrimental for MEA and most of them 
very detrimental. The investigation of such effect will not be discussed here but it is clear that struggle against 
oxidation of amines in CO2 capture conditions is almost unusual and requires specific inhibitors.
4.2 Research of new oxidation inhibitors
We investigated the effect of about 150 inhibitors candidates belonging to 15 different chemical families. Several 
families were found to be efficient on MEA degradation and some of them very efficient. We report here results 
with 8 molecules of the best group identified today. These inhibitors, named V1 to V8, were tested at a 
concentration of 0.25%-wt and MEA concentration was 40%-wt for all experiments. Figures 3 and 4 illustrate the 
anions concentrations found after seven days test and ammonia concentration in the exhaust gas during this time.
Figure 3. Effect of inhibitors on anions concentrations from MEA 40% after 7 days test
Figure 4. Effect of inhibitors on NH3 evolution during 7 days from MEA 40%
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inhibitors is near 16000ppm of formiate anion and more than 5000ppm of oxalate or nitrite. So, we can conclude to 
the high efficiency of all inhibitors.
Assessment of ammonia evolution showed the same behavior. With neat MEA solution, a maximum of ammonia 
concentration of about 2000ppm between 3 and 5 days of t est was detected. Aft er this time the ammonia 
concentration decreases because of the reduced amount of residual MEA. When any of the inhibitors are involved 
ammonia concentration was reduced close to zero for the entire duration test.
4.3 Others amines
MEA is the most widely studied solvent for the removal of carbon dioxide from flue gases but others amines 
could be of interest [6-7]. Diethanolamine (DEA), Methyldiethanolamine (MDEA) and 2-amino-2-methylpropanol 
(AMP) alone or mixed with other amines have been widely studied for this purpose. All of them belong to 
ethanolamine family but DEA is a secondary amine, MDEA a tertiary amine and AMP is a sterically hindered 
primary amine, so they are good candidates for amine function comparison. We propose here to evaluate the effect
of one of our best  inhibitors on their oxidative degradation behavior.
Oxidative degradation experiments were performed in the same way than for MEA with 0.25%-weight o f 
inhibitor V2. DEA, MDEA and AMP concentrations were 40%-weight, temperature was 80°C and duration test was 
7 days. Anions concentrations at the end of the test for amine solutions with and whithout inhibitor are reported 
Figure 5. Ammonia evolution is reported Figure 6.
Figure 5. Effect of inhibitor V2 on anions concentrations from DEA, MDEA and AMP 40% after 7 days test
Figure 6. Effect of inhibitor V2 on NH3 evolution from DEA, MDEA and AMP 40% after 7 days test
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The three amines without oxidation inhibitor exhibit different behaviors when exposed to air and carbon dioxide. 
As expected from literature data the degradation level of M DEA is very low with however a little ammonia 
evolution at the end of the test. In the case of DEA and AMP 4000 ppm and 830 ppm of formiate anion are formed 
respectively. Ammonia evolution shows the same behavior with maximum peaks around 300ppm for DEA and 
100ppm for AMP.
When inhibitor V2 is present, the level of anions is drastically reduced for all amines. For each amine ammonia 
evolution is reduced near zero. The selected inhibitor is found to be able to stop or to reduce the oxidation 
phenomena whatever the amine function nature. For these amine systems the inhibitor behaved similarly to MEA. 
We can suggest that the general oxidation chemistry of the amines considered in this study is globally the same. 
Moreover, the performance of our oxidation inhibitor is extendable to other amines.
5. Conclusions
A laboratory scale evaluation test of MEA degradation in presence of air and carbon dioxide was presented. This 
test was associated with analysis of degradation products and allowed an evaluation of different oxidation inhibitors.
MEA oxidative degradation cannot be reduced by using several well known conventional antioxidants such as 
ascorbic acid or phenolic compounds like hydroquinone or sterically hindered phenols. Moreover in some cases, 
these additives are detrimental upon amine degradation. From these results we believe that control of MEA 
degradation requires specific inhibitors.
Identification of new degradation inhibitors was successful and evaluation of a selection of the best candidates 
was presented. All of them reduced the degradation of 40%-wt MEA to a level close to zero. An extension of the 
test with other amines such as DEA, MDEA and AMP at a concentration of 40%-wt confirms the efficiency of the 
inhibitor. 
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